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LIQUID JETTING APPARATUS 
yield of tihe Invention 

This invention relates to a liquid jetting apparatus having 
5 a head member capable of jetting liquid from nozzles f such as 
an ink-jet recording apparatus having a recording head capable 
of jetting ink from nozzles to form dots on a recording medium. 
In particular, this invention is related to a liquid jetting 
apparatus which can prevent viscosity of liquid in nozzles from 
10 increasing* 

Backg round «if the Invention 

An ink-jet recording apparatus such as an ink-jet printer 
or an ink-jet plotter has a recording head that is movable along 
a main scanning direction. The recording head has nozzles 
15 capable of jetting ink. For exan 5 >le, the nozzles are 
communicated to pressure chambers which can expand and contract 
respectively. In the case, the ink in the nozzles can be jetted 
by expanding and contracting of the pressure chambers. 

On the other hand, the ink-jet recording apparatus is 
20 adapted to feed a recording medium such as a paper along a 
subordinate scanning direction, which is perpendicular to the 
main scanning direction. Thus, the nozzles of the recording head 
can jet ink to form an image or a character on the recording medium 
in cooperation with moving the recording head and the recording 
25 medium according to recording data. 

The ink in the nozzles of the recording head is esqposed 
to air. Thus, solvent of the ink such as water may gradually 
evaporate to Increase a viscosity of the ink in the nozzles . In 
the case, quality of printed (recorded) images may deteriorate 
30 because the ink having a great viscosity may be jetted toward 
a direction deviated from a normal direction. 

To prevent the viscosity of the ink in the nozzles from 
increasing, some measures have been proposed. one of the 
measures is to cause a meniscus of the ink to minutely vibrate 
to stir the ink. The meniscus means a free surface of the ink 
exposed at an opening of the nozzle. 

For stirring the ink, the meniscus may be vibrated to a 
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jetting direction of the ink and to a contracting direction 
opposed to the jetting direction by turns in such a manner that 
the ink may not be jetted. The vibration of the meniscus can be 
also carried out by expanding and contracting of the pressure 
5 chambers * Owing to the vibration of the meniscus r the ink at the 
opening of the nozzle may be stirred to prevent the viscosity 
of the ink from increasing. 

The stirring of the ink may be carried out during a 
recording operation. For example / the stirring may be carried 
10 out while a carriage carrying the recording head is being 
accelerated after starting a main scanning, or while a recording 
operation for a line is being carried out. In the stirring while 
the carriage is being accelerated, a micro— vibrating operating 
signal for micro vibrating is supplied to the recording head to 
15 cause all menisci in the nozzles to minutely vibrate, in the 
stirring while the recording operation is being carried out, a 
pulse signal for micro vibrating is generated from a jetting 
operating signal for jetting ink, and the pulse signal xs supplied 
to the recording head. Thus, the ink in the nozzles not in the 
20 recording (jetting) operation may be stirred. 

In addition, Japanese Patent Laid-Open Publication 
No. 2000-2 1507 has described that it is effective to cause menisci 
of ink in nozzles to minutely vibrate during a predetermined time 
from a suitable timing just before jetting a drop of the ink or 
25 from a suitable timing just before jetting a drop of the ink till 
another suitable timing just before jetting a drop of the ink, 
Japanese Patent Laid-Open Publication No, 2000— 21507 has 
also proposed a pre-printing micro-vibrating operation just 
before jetting a drop of the ink, in addition, Japanese Patent 
30 Laid-Open Publication No. 2000-21507 has disclosed that an 
out— of— printing micro-vibrating operation can be performed 
further before the pre-printing micro-vibrating operation. 

However, if an ink whose viscosity tends to increase is 
used (for example, a kind of pigment ink or a kind of high-density 
dye ink), solvent of the ink may easily evaporate to increase 
a viscosity of the ink, even for a short time between a completion 
of a main scanning operation and a start of a next main scanning 
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operation. In the case, it is possible that the state wherein 
the viscosity of the ink has been increased i&ay not be dispelled 
sufficiently by means of the out-of-printing micro-vibrating 
operation or the pre— printing micro-vibrating operation after 
5 starting the next main scanning operation. 



Rnunmary of the Invention 

The object of this invention is to solve the above problems , 
that iSf to provide a liquid jetting apparatus that can prevent 
10 a viscosity of liquid from increasing, even if a liquid vrtiose 
viscosity tends to increase is used, such as an ink-jet recording 
apparatus that can prevent a viscosity of ink from increasing, 
even if an ink whose viscosity tends to increase is used. 

In order to achieve the object, the invention is a liquid 
15 jetting apparatus con^rising: a head nonber having a nozzle; a 
suppozrting member that can support a medium onto which liquid 
is to be jetted; a scanning mechanism that can cause the head 
to relatively move with respect to the medium; a liquid 
jetting unit that can jet liquid from the nozzle; an area storing 
20 unit that stores a relative area to which liquid can be jetted 
from the nozzle while the head member is caused to relatively 
move by the scanning mechanism; an out— of— jetting micro— 
vibrating— area setting unit that can set out— of— jetting 
micro— vibrating areas before and after the relative area to which 
• 25 liquid -can be jetted from the nozzle, based on the relative area 
to which liquid can be jetted from the nozzle; a scanning- 
posit ion- informat ion outputting unit capable of outputting 
head— position information that represents a relative position 
of the head member while the head member is caused to relatively 
30 move by the scanning mechanism; a micro-vibrating unit that can 
cause liquid in the nozzle to minutely vibrate; and an out- 
of- jetting micro-vibrating controlling unit that can cause the 
micro-vibrating unit to operate when the head member is located 
in the out— of- jetting micro— vibrating areas, while the head 
member is caused to relatively move by the scaiming mechanism, 
based on the out-of- jetting micro-vibrating areas and the 
head-position information. 
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According to the above feature, since the out-of- jetting 
micro-vibrating areas are set before and after the relative area 
to which liquid can be jetted from the nozzle, it can be 
effectively prevented that a viscosity of the liquid increases 
between a conflation of a scanning operation and a start of a 
next scanning operation. 

Alternatively, the invention is a liquid jetting apparatus 
conf rising: a head m^nber having a nozzle; a supporting m^nber 
that can support a medium onto which liquid is to be jetted; a 
scanning mechanism that can cause the head membe r to relatively 
move with respect to the medium; a liquid jetting unit that can 
jet liquid from the nozzle; an out-of- jetting micro- 
vibrating-area setting unit that can set out-of- jetting 
micro— vibrating areas before and after a liquid— jetting area to 
vdiich liquid is to be jetted from the nozzle while the head member 
is caused to relatively move by the scanning mechanism, based 
on jetting data; a scanning-position-information outputting unit 
capable of outputting head-position information that represents 
a relative position of the head member while the head member is 
caused to relatively move by the scanning mechanism; a 
micro-vibrating unit that can cause liquid in the nozzle to 
minutely vibrate; and an out-of- jetting micro-vibrating 
controlling unit that can cause the micro-vibrating unit to 
operate when the head menber is located in the out-of- jetting 
micro-vibrating areas, while the head member is caused to 
relatively move by the scanning mechanism, based on the out- 
of-jetting micro-vibrating areas and the head-position 
information. 

According to the above feature, since the out-of— jetting 
micro-vibrating areas are set before and after the liquid- jetting 
area to which liquid is to be jetted from the nozzle while the 
head member is caused to relatively move by the scanning mechanism 
based on jetting data, it can be effectively prevented that a 
viscosity of the liquid increases between a coof letion of a 
scanning operation and a start of a next scanning operation. 

The scanning mechanism may includes: a main-scanning 
mechanism that can cause the head member to relatively move with 




respect to the medium in a main scanning direction; and a 
sub-scanning mechanism that can cause the head member to 
relatively move with respect to the medium in a sub-scanning 
direction perpendicular to the main scanning direction. In the 
case/ it is preferable that the out-of- jetting micro- 
vibrating-area setting unit includes: an actual- jetting-area 
calculating part that can obtain a jetting-starting position and 
a jetting-terminating position for each main scanning movement 
of the head msnber, based on jetting data; and an area-setting 
main part that can set out-of- jetting micro-vibrating areas based 
on the jetting-starting position and the jetting-terminating 
position, in the case, for exan^le, the area-setting main part 
can set out-of-jetting micro-vibrating areas in such a manner 
that the out-of-jetting micro— vibrating areas are an area before 
the jetting-starting position and an area after the jetting- 
terminating position for each main scanning movement of the head 
m«nber. 

Alternatively, it is preferable that the out-of-jetting 
micro-vibrating-area setting unit further includes a second- 
area-setting main part that can set a pre- jetting micro-vibrating 
area based on the jetting-starting position, and that the 
area-setting main part is adapted to set out-of-jetting 
micro-vibrating areas in such a manner that the out-of-jetting 
micro— vibrating areas are an area before the pre— jetting 
micro— vibrating area and- an area after the jetting— terminating 
position for each main scanning movement of the head m^nber. in 
the case, the out-of-jetting micro-vibrating operation and the 
pre- jetting micro-vibrating operation can be separately 
controlled. 

in addition, preferably, the out-of-jetting micro- 
vibrating controlling unit causes the micro— vibrating unit to 
operate from a con^letion of a main scanning movmnent of the head 
member to a start of a next main scanning movement thereof as 
well. That is, preferably, the out-of-jetting micro-vibrating 
operation can be performed during a sub— scanning movement as well • 
Thus, it can be prevented more surely that the viscosity of the 
liquid increases. 
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Herein, if liquid jetting operations are performed during 
both of two-way scanning movements i.e. forward and rearward 
scanning movements/ it is preferable that the out-of- jetting 
micro-vibrating operation is suspended during a signal-switching 
5 operation for switching directions of the scanning movements. 

That is , if a liquid- jetting controlling unit that can give 
a operating signal to the liquid jetting unit is provided, the 
scanning mechanism is adapted to cause the head member to 
relatively move with respect to the medium in forward and backward 
10 directions, and the liquid- jetting controlling unit is adapted 
to give a first operating signal to the liquid jetting unit while 
the head member is caused to relatively move with respect to the 
in a forward direction and to give a second operating signal 
to the liquid jetting unit while the head member is caused to 
15 relatively move with respect to the medium in a reazward direction, 

it is preferable that the out-of- jetting micro-vibrating 
controlling unit is adapted to cause the micro-vibrating unit 
to operate, from a con^letion of causing the head member to 
relatively move with respect to the medium in the forward 
2 0 direction until a start of switching operation of the operating 
signals by the liquid- jetting controlling unit and from a 
con^letion of the switching operation until a start of causing 
the head member to relatively move with respect to the medium 
in the rearward direction. 

25 According to the above one or more features, con^ared to 

the conventional art, the out— of— jetting micro-vibrating 
operation is performed for a longer time. Thus, the micro- 
vibrating unit, for exan^ile a piezoelectric vibrating member such 
as PZT, may be deteriorated earlier. 

Thus, preferably, a signal generating unit that can 
generate an out-of-jetting micro-vibratdlng signal as a 
periodical signal having a predetermined waveform is provided; 
the out-of-jetting micro-vibrating controlling unit is adapted 
to cause the micro-vibrating unit to operate based on the 
out-of-jetting micro-vibrating signal; a measuring unit that can 
measure a continuous operating time of the micro-vibrating unit 
by the out-of-jetting micro-vibrating controlling unit is 
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provided; a etandard-time storing unit that stores a 
predetermined standard time is provided; and a signal-generating 
controlling unit that can compare the continuous operating time 
and the standard time/ and that can cause the signal generating 
unit to change the out-of- jetting micro-vibrating signal based 
on result of the comparison is provided. 

In the case, dependently on the continuous operating time 
of the micro-vibrating unit, for example, strength of the 
out-of- jetting micro-vibrating operation can be lowered, so that 
deterioration of the micro-vibrating unit can be restrained. 

5 In a concrete example, for example, the signal-generating 

controlling unit may be adapted to cause the signal generating 
unit to change the out-of- jetting micro-vibrating signal in such 
a manner that a frequency of the out-of-jetting micro-vibrating 
signal is lowered when the continuous operating time becomes 
10 longer than the standard time. Alternatively, the signal- 
generating controlling unit may be adapted to cause the signal 
generating unit to chemge the out-of-jetting micro-vibrating 
signal in such a manner that an amplitude of the out-of-jetting 
micro-vibrating signal is lowered when the continuous operating 
15 time becomes longer than the standard time. 

After the frequency of the out-of- jetting xaicro-vibrating 
signal has been lowered by the signal generating unit, preferably, 
the signal-generating controlling unit is adapted to cause the 
signal generating unit to change again the out-of- jetting 
miciro-vibrating signal before a liquid- jetting operation in such 
a manner that the frequency of the out-of- jetting micro-vibrating 
signal is returned to an original frequency, in addition, after 
the frequency of the out-of-jetting micro-vibrating signal has 
been returned to the original frequency by the signal generating 
unit, preferably, the out-of-jetting micro-vibrating 
controlling unit is adapted to cause the micro-vibrating unit 
to operate based on the out-of-jetting micro-vibrating signal 
for a predetermined time before the liquid- jetting operation. 

Similarly, after the an^litude of the Out-of-jetting 
micro-vibrating signal has been lowered by the signal generating 
unit, preferably, the signal-generating controlling unit is 
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adapt.ed t:o cause the signal generating unit to change again the 
out-of- jetting micro-vibrating signal before a liquid-jetting 
operation in such a manner that the ac^litude of the out-of- 
jetting micro-vibrating signal is returned to an original 
5 amplitude. In addition, after the an^litude of the out-of- 
jetting micro-vibrating signal has been returned to the original 
amplitude by the signal generating unit, preferably, the 
out-of- jetting micro-vibrating controlling unit is adapted to 
cause the micro-vibrating unit to operate based on the out- 
10 of- jetting micro-vibrating signal for a predetermined tiime 

before the liquid- jetting operation. 

in addition, in general, a capping mechanism that can seal 
the nozzle may be provided in a relative movable (scanning) area 
of the head member. In the case, preferably, the out-of -jetting 
15 micro-vibrating controlling unit is adapted to cause the 
micro-vibrating unit to operate during at least a part of time 
for which the capping mechanism seals the nozzle. 

More preferably, the out-of-jetting micro-vibrating 
controlling unit is adapted to repeat a controlling step of 
20 causing the micro-vibrating unit to operate for a first constant 
time and causing the micro-vibrating unit not to operate for a 
second constant time while the capping mechanism seals the nozzle. 

In the case, further preferably, a history recording unit 
that records history information about liquid- jetting operations 
is provided, and a time-changing unit that can change at least 
one of the first consteint time and the second constant time based 
on the history information about liquid- jetting operations 
recorded by the history recording unit is provided. 

Alternatively, further preferably, an environmental- 
information obtaining unit that can obtain environmental 
information around the capping mechanism is provided, and a 
time-changing unit that can change at least one of the first 
constant time and the second constant time based on the 
environmental information obtained by the environmental- 
information obtaining unit is provided. 

In addition, in order to prevent deterioration of the 
micro-vibrating unit, it is preferable that the signal- 
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generat:ing controlling unit is adapted to cause the signal 
generating unit to change the out-of- jetting micro-vibrating 
signal in such a manner that a frequency of the out— of— jetting 
micro-vibrating signal is lowered while the capping mechanism 
seals the nozzle. Alternatively, it is preferable that the 
signal-generating controlling unit is adapted to cause the signal 
generating unit to change the out-of-jetting micro-vibrating 
signal in such a manner that an aa^litude of the out-of-jetting 
micro-vibrating signal is lowered while the capping mechanism 
seals the nozzle. 

In addition, the invention is a controlling unit that can 
control a liquid jetting apparatus including : a head member having 
a nozzle; a supporting member that can support a medium onto which 
liquid is to be jetted; a scanning mechanism that can cause the 
5 head member to relatively move with respect to the medium; a liquid 

jetting unit that can jet liquid from the nozzle; a micro- 
vibrating unit that can cause liquid in the nozzle to minutely 
vibrate; and a scanning-position- information outputting unit 
capable of outputting head-position information that represents 
10 a relative position of the head member while the head member is 
caused to relatively move by the scanning mechanism; 

the controlling unit comprisings an area storing unit that 
stores a relative area to which liquid can be jetted from the 
nozzle while the head member is caused to relatively move by the 
15 scanning mechanism; an out-of-jetting micro-vibrating-area 
setting unit that can set out-of-jetting micro-vibrating areas 
before and after the relative area to which liquid can be jetted 
from the nozzle, based on the relative area to which liquid can 
be jetted from the nozzle; and an out-of-jetting micro-vibrating 
20 controlling unit that can cause the micro-vibrating unit to 
operate \dien the head member is located in the out-of-jetting 
micro- vibrating areas, while the head member is caused to 
relatively move by the scanning mechanism, based on the out- 
of-jetting micro-vibrating areas and the head-position 
25 information. 

In addition, the invention is a controlling unit that can 
control a liquid jetting apparatus including: a head member having 
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a. no22le; a supporting member that can support a medixan onto which 
liquid is to be jetted; a scanning mechanism that can cause the 
head member to relatively move with respect to the medium; a liquid 
jetting unit that can jet liquid from the nozzle; a micro- 
5 vibrating unit that can cause liquid in the nozzle to minutely 
vibrate; and a scanning-position- information outputting unit 
capable of outputting head-position information that represents 
a relative position of the head member while the head m^nber is 
caused to relatively move by the scanning mechanism; 

10 the controlling unit comprising s an out-of- jetting 

micro-vibrating-area setting unit that can set out-of.- jetting 
micro- vibrating areas before and after a liquid-jetting area to 
which liquid is to be jetted from the nozzle while the head member 
is caused to relatively move by the scanning mechanism, based 
IS on jetting data; and an out-of- jetting micro-vibrating 
controlling unit that can cause the micro-vibrating unit to 
operate when the head meatiber is located in the out-of -jetting 
micro-vibrating areas, while the head member is caused to 
relatively move by the scanning mechanism, based on the out- 
20 of- jetting micro-vibrating areas and the head-position 
information. 

A computer system can materialize the controlling unit or 
any elenent of the controlling unit. 

This invention includes a storage unit capable of being 
25 read by a conputer, storing a program for materializing- the 
controlling unit or the element in a computer system. 

This invention also includes the program itself for 
materializing the controlling unit or the element in the computer 
system. 

3 0 The storage unit may be not only a substantial object such 

as a floppy disk or the like , but: also a network for transmitting 
various signals. 

Brief Description of the Drawings 
Fig.l is a sch^natic block diagram of an embodiment of the 
ink-jet recording apparatus according to the invention; 

Fig.2A is a perspective view of the embodiment of the 
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ink-jet recording apparatus shovm in Fig.l; 

Figs.2B and 2C are explanatory views of the linear encoder 
and the slit detector; 

Pig.3A is a sectional view of the recording head of the 
5 ink-jet recording apparatus; 

Fig.3B is an enlarged view of the A portion of the Fig.3A; 

Fig. 4 is a schematic block diagram for explaining an 
electric structure of the recording head; 

Fig. 5 is an explanatory view of a jetting operating signal 
10 and operating pulses generated by the jetting operating signal; 

Fig . 6 is an explanatory view of a micro-vibrating operating 
signal; 

Fig. 7 is a timing chazrt for explaining a recording 
operation for a line; 

15 Fig. 8 is a flowchart for explaining a dot-patteim 

developing operation; 

Fig.9A is a flowchart for explaining a dot-pattern 
recording operation; 

Fig.9B is a flowchart for explaining a position- 
20 information taking operation; 

Fig. 10 is a timing chart for explaining out-of- jetting 
micro-vibrating areas for successive two main scanning 
operations ; 

Fig. 11 is a timing chart for explaining out-of- jetting 
25 micro-vibrating areas for successive forward and backward main 
scanning operations; 

Fig. 12 is a sectional view of a recording head using a 
longitudinal-mode piezoelectric vibrating member; and 

Fig. 13 is another timing chart for explaining a recording 
30 operation for a line. 

Best Mode for Carrying out the invention 
An embodiment of the invention will now be described in 
more detail with reference to drawings. As shown in Fig. If the 
liquid jetting apparatus of the embodiment is an ink- jet recording 
printer having a printer controller 1 and a print engine 2. 

The printer controller 1 has: an outside interface (outside 
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I/F) 3, a RAH 4 that is able to temporarily store various data, 
a ROM 5 which stores a controlling program or the like, a 
controlling part 6 including CPU or the like, an oscillating 
circuit 7 for generating a clock signal, an operating-signal 
5 generating part 9 for generating an operating signal that is to 
be supplied into a recording head 8, and an inside interface 
(inside X/F) 10 that is adapted to send the operating signal, 
dot-pattem-data (bit-map-data) developed according to printing 
data (recording data) or the like to the print engine 2. 

10 The outside 1/F 3 is adapted to receive printing data 

consisting of character codes, graphic functions, image data or 
the like from a host computer not shown or the like* In addition, 
a busy signal (BUSY) or an acknowledge signal (ACK) is adapted 
to be outputted to the host con^tuter or the like through the 
15 outside I/P 3. 

The RAM 4 has: a receiving buffer 4A, a middle buffer 4B, 
an outputting buffer 4C and a work memory not shown . The receiving 
buffer 4A is adapted to receive the printing data through the 
outside I/F 3, and temporarily store the printing data. The 
20 middle buffer 4B is adapted to store middle-code-data converted 
from the printing data by the controlling part 6 . The outputting 
buffer 4C is adapted to store dot-pattem-data, «diich are 
recording-data obtained by decoding (translating) the 
middle-code-data. The middle-code-data may be gradation data. 
25 The ROM 5 stores font data, graphic functions or the like 

in addition to the controlling program (controlling routine) for 
carrying out various data-pirocessing operations. 

The controlling part 6 (an out-of-jetting micro-vibrating 
controlling unit) is adapted to carry out various controlling 
30 operations according to the controlling program stored in the 
ROM 5 . For exan^le, the controlling part 6 reads out the printing 
data from the receiving buffer 4A, converts the printing data 
into the middle-code-data, cause the middle buffer 4B to store 
the middle-code-data. Then, the controlling part 6 analy::es the 
35 middle-code-data in the middle buffer 4B and develops (decodes) 
the middle-code-data into the dot-pattern-data with reference 
to the font data and the graphic functions or the like stored 
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in the ROM 5 . Then, tlie controlling part 6 carries out necessairy 
decorating operations to the dot-pattem-data , and thereafter 
causes the outputting buffer 4C to store the dot-pattern-data. 

When the dot-pattem-data corresponding to one line 
5 recorded by .one main scanning of the recording head 8 are obtained , 

the dot-pattem-data are outputted to the recording head 8 from 
the outputting buffer 4C through the inside l/p 10 in turn. Whm 
the dot-pattern-data corresponding to the one line are outputted 
from the outputting buffer 4C, the middle-code-data that has been 
10 developed are deleted from the middle buffer 4B, and the next 
developing operation starts for the next middle-code-data. 

The operating-signal generating part 9 hass a main signal 
generating part 11 for generating a jetting operating signal that 
is used for jetting ink (for recording) , amicro-vibrating-signal 
15 generating part 12 for generating an out-of-recording micro- 
vibrating signal and a pre- recording micro-vibrating signal that 
are used for causing a meniscus 52 ( see Fig . 3B ) to minutely vibrate 
so as to stir the ink in the nozzle, and a choosing part 13 that 
is adapted to be Inputted the jetting operating signal from the 
20 main signal generating part 11 and the out-of -recording 
micro-vibrating signal or the pre-recording micro-vibrating 
signal from the micro-vibrating-signal generating part 12, and 
to output one of the jetting operating signal, the out-of - 
recording micro-vibrating signal and the pre-recording 
25 micro-vibrating signal to the inside I/F 10. 

Herein, the main signal generating pairt 11 serves as a 
jetting-operating-signal generating unit, the micro- 
vibrating-signal generating part 12 serves as a micro- 
vibrating-signal generating unit, and the choosing part 13 serves 
30 as a signal choosing unit. 

The operating-signal generating part 9 may consist of logic 
circuits, or controlling circuits having a CPU, a ROM, a RAM or 
the like. 

The print engine 2 consists of a paper feeding mechanism 
35 16, a carriage mechanism 17 and the recording head 8. 

The paper feeding mecheinism 16 consists of a paper feeding 
motor, a paper feeding roller and so on. as shovm in Fig.2A, a 
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recording paper 18, v;hich Is an example of a recording medium, 
is fed in a subordinate scanning direction in turn by the paper 
feeding mechanism 16 , in cooperation with the scanning operation 
of the recording head 8* 

5 AS shown in Flg.2A, the carriage mechanism 17 has: a 

carriage 21 that is slidably mounted on a guiding member 20 and 
is capable of carrying the recording head 8 and an ink cartridge 
19, a timing belt 24 that circulates around a driving pulley 22 
and a following pulley 23 and is connected with the carriage 21, 
10 a pulse motor 25 for causing the driving pull^ 22 to rotate, 
a linear encoder 27 supported by a printer housing 26 in such 
a manner that the linear encoder 27 extends in a direction of 
width of the recording paper 18 (in the main scanning direction) , 
and a slit detector 29 moimted on the carriage 21 and capable 
15 of detecting a plurality of slits 28 of the linear encoder 27. 

AS shown in Figs.2B and 2C, the linear encoder 27 of the 
embodiment consists of a transparent plate. The plurality of 
slits 28 is formed at pitches of 360 dpi in the linear encoder 
27 . For example, the slit detector 29 may consist of a 
2 0 photo-interrupter . 

According to the carriage mechanism 17 described above, 
the carriage 21 can reciprocate in the width direction of the 
recording paper 18 (in the main scanning direction) by driving 
the pulse motor 25- Thus, the recording head 8 mounted on the 
25 carriage 21 can also reciprocate in the main scanning direction. 
For the mov^nent (reciprocation) of the carriage 21, a standard 
position as a starting point is set at a side of a home position. 
The home position means a position where the carriage 21 stands 
by when the electric power is not supplied, when the scanning 
30 operation is not carried out for a long time, or the like. In 
the embodiment, the home position is located in a right end portion 
of Fig.2A. 

In the embodiment, a capping mechanism 30 is provided at 
the home position in order to prevent solvent of ink in nozzles 
35 51 (described below) of the recording head 8 from evaporating. 

On the other hand, the standard position is located at a 
little left position with respect to the home position . In detail , 
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1:he standard position is located between a right end of the 
recording paper 18 and the capping mechanism 30. 

When the carriage 21 is moved/ the slit detector 29 is moved 
together with the carriage 21. During the movement, the slit 
5 detector 2 9 detects the plurality of slits 28 of the linear encoder 

27 in turn, and outputs pulse-like detecting signals each of which 
corresponds to each of slits 28. The controlling part 6 
recognizes a position of the recording head 8 based on the 
detecting signals from the slit detector 29. 

10 In more detail, the controlling part 6 resets a counting 

value of a position counter when the carriage 21 is positioned 
at the standard position. Then, the controlling part 6 receives 
the pulse-like detecting signals from the slit detector 29 in 
turn while the carriage 21 is moved. The counting value of the 
15 position counter Increases by one whenever the controlling part 
6 receives one pulse-like signal. Thus, the counting value of 
the position counter functions as head-position information that 
represents a position of the carriage 21 i.e. a scanning position 
of the recording head 8 . The position counter may be provided 
20 in the work memory (not shown) of the RAM 4. Allter natively, the 
position counter may be provided separately. ; 

Therefore, the linear encoder 27 and the slit detector 29 
function as a scanning-position-inf ormation outputting unit. 
That is, they output information about the position of the 
25 recording head 8 (detecting signals) during the main scanning 
of the carriage 21 (recording head 8). The controlling part 6 
and the position counter (RAM 4) function as scanning- 
position-holding means. That is, they hold the counting value 
that has been updated according to the detecting signals from 
30 the slit detector 29. 

Then, the recording head 8 is explained in more detail. 
AS shown in Pig.3A, the recording head 8 mainly consists of an 
actuator unit 33 and an ink-way unit 34. The recording head 8 
includes bending-mode piezoelectric vibrating members 35 as 
pressure generating members. 

When electric power is supplied to a bending^ode 
piezoelectric vibrating member 35, the m«nber 35 contracts to 
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deform a pressure generating chamber 36 in such a manner that 
a volume of the pressure generating chamber 36 becomes smaller. 
When electric charges are discharged from the bending-mode 
piezoelectric vibrating member 35 , the member 35 expands to deform 
5 the pressure generating chamber 3 6 in such a manner that the volume 

of the pressure generating chamber 36 returns to an original state 
thereof. 

The actuator unit 33 cos^rises a first lid 37, a spacer 
38, a second lid 39 and piezoelectric vibrating members 35. The 
10 ink-way unit 34 con^rises an ink-way forming plate 40, an 
ink-chamber forming plate 41 and a nozzle plate 42 . The actuator 
unit 33 and the ink-way unit 34 are integrated by an adhesive 
layer 43 to form the recording head 8. The adhesive layer 43 may 
consist of a thermal welding film or a suitable adhesive material. 
15 The first lid 37 may be an elastic thin plate made of ceramic 

in general, in the embodiment, the first lid 37 is made of 

zirconia (ZrO,) having a thickness of about 6nm. A common 
electrode 44 for the piezoelectric vibrating members 35 is formed 
on an upper surface of the first lid 37 . The electric vibrating 
2 0 members 3 5 are integrated on the common electrode 4 4 respectively . 
Driving electrodes 45 for the piezoelectric vibrating members 
35 are provided on upper surfaces of the piezoelectric vibrating 
members 35, respectively. 

The spacer 38 may be a ceramic plate having penetrating 
25 holes that form pressure generating chambers 36 respectively, 
in the embodiment, the spacer 38 is made of zirconia, and has 
a thickness of about 100|mi. 

The second lid 39 may be a ceramic plate having penetrating 
holes that form supplying-holes 46 respectively at a left side 
30 in Fig.3A and penetrating holes that form first-nozzle-holes 47 
respectively at a right side in Fig.3A. The second lid 39 may 
be made of zirconia. 

The first lid 37 is arranged on an upper surface of the 
spacer 38. The second lid 39 1& arranged on a lower surface of 
the spacer 38. That is, the spacer 38 is sandwiched between the 
first lid 37 and the second lid 39. Each of the first 3 id 37, 
the Spacer 38 and the second lid 39 is molded into a predetermined 
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shape out of clay-like ceramic . Then, the first lid 37 , the spacer 
38 and the second lid 39 are layered and integrated by baking. 

The ink-way forming plate 40 may be a plate having 
penetrating holes that form ink-supplying-openings 48 
5 respectively at a left side in Fig.3A and penetrating holes that 
form first-nozzle-holes 47 respectively at a right side in Fig. 3A. 
The ink-chamber forming plate 41 may be a plate having penetrating 
holes that form an ink chamber 49 at a left and middle side in 
Fig.3A and penetrating holes that form second-nozzle-holes 50 
10 respectively at a right side in Fig-SA- The nozzle plate 42 may 
be a thin plate having nozzles 51 at a right side in Fig.3A. The 
nozzles 51 are arranged at pitches (at intervals) that correspond 
to a density of forming dots, in a subordinate scanning direction. 
The number of the nozzles is for example 48. The nozzle plate 
15 42 may be made of stainless steel. 

The nozzle plate 42 is arranged on a lower surface of the 
ink-chamber forming plate 41 via an adhesive layer 43. The 

V 

ink-way forming plate 40 is arranged on an upper surface of the 
ink-chamber forming plate 41 via an adhesive layer 43 . Thus, the 
20 ink-way forming plate 40, the ink-chamber forming plate 41 and 
the nozzle plate 42 are integrated as the ink-way unit 34. 

In the recording head 8 described above, the ink chambers 
49 of the ink-way unit 34 are communicated with the 
supplying-holes 46 of the actuator unit 33 through the ink- 
25 supplying-openings 48 respectively. The supplying-holes 46 are 
communicated with the first-nozzle-holes 47 through the pressure 
generating chambers 36 respectively. The nozzles 51 are 
communicated with the first-nozzle-holes 47 through the 
second-nozzle-holes 50 respectively. Thus, ink-ways are formed 
30 from the Ink chamber 49 to the nozzles 51 through the pressure 
chambers 36 respectively. Ink in the ink cartridge 19 is adapted 
to be supplied into the ink chambers 49 through ink supplying 
ways not shown. 

The ink can be jetted from the nozzles 51 by changing the 
volumes of the pressure chambers 36. in more detail, when 
electric poser is supplied to a piezoelectric vibrating member 
35 , the piezoelectric vibrating member 35 contracts in a direction 
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perpendicular to a direction of the electric field* Then, the 
first lid 37 is deformed in such a manner that a pressure chamber 
36 corresponding to the piezoelectric vibrating member 35 
contracts with respect to an original state thereof . On the other 
5 hand, when electric charges are discharged from the piezoelectric 

vibrating member 35, the piezoelectric vibrating member 35 
expands in the direction perpendicular to the direction of the 
electric field. Then, the first lid 37 is deformed in such a 
manner that the pressure chamber 36 corresponding to the 
10 piezoelectric vibrating member 35 expands back to the original 
state thereof* When the pressure chamber 35 contracts rapidly 
after the pressure chamber 36 has expanded, a pressure of ink 
in the pressure chamber 36 increases rapidly. Thus, an ink drop 
is jetted from the nozzle 51 corresponding to the pressure chamber 
15 36 as shown by an alternate long and short dash line in Fig.3B. 

On the other hand, by causing the pressure chamber 36 to 
expand and contract in such a manner that the ink in the nozzle 
51 is not jetted, the ink in the nozzle 51 can be stirred in order 
to prevent the viscosity of the ink from Increasing, in more 
20 detail, a meniscus 52 (free surface of the ink exposed at an 
opening of the nozzle 51) can be caused to minutely vibrate i.e. 
move to . a jetting direction of the ink and to a contracting 
direction opposed to the jetting direction by turzis as shown in 
by causing the pressure chamber 36 to expand and contract 
25 in such a manner that the ink is not jetted • Owing to the vibration 
of the meniscus , the ink at the opening of the nozzle can be stirred 
in orde^ to prevent the viscosity of the ink from increasing. 

Then, an electric structure of the recording head 8 is 
explained. As shown in Fig.l, the recording head 8 includes a 
3 0 shift register 55, a latch circuit 56, a level shifter 57 and 
a switching unit 58 and the piezoelectric vibrating members 35, 
which are electrically connected in the order. The shift 
register 55 has a plurality of shift register devices 55A to 55N 
each of which corresponds to each of the nozzles 51, as shown 
35 in Fig • 4 » S im ilarly , the latch circuit 56 has a pluraJLity of latch 

devices 56A to 56N each of which corresponds to each of the nozzles 
'51, the level shifter 57 has a plurality of level shifter devices 
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57A to 57N each of which corresponds to each of the nozzles 51, 
and the switching unit 58 has a plurality of switching devices 
55A to 55N each of which corresponds to each of the nozzles 51. 
In addition, each of the piezoelectric vibrating members 35 
5 corresponds to each of the nozzles 51. Thus, the piezoelectric 
vibrating members 35 are also designated as piezoelectric 
vibrating members 35A to 35N. 

The shift register 55, the latch circuit 56, the level 
shifter 57, the switching unit 58 and the controlling part 6 ctre 
1 0 adapted to function as operating-pulse supplying means . That is , 
they can generate an operating pulse (operating-pulse signal) 
from a jetting operating signal from the operating-signal 
generating part 9, and output (supply) the operating pulse to 
the piezoelectric vibrating members 35 of the recording head 8. 
15 in addition, the shift register 55, the latch circuit 56, 

the level shifter 57 , the switching unit 58 and the controlling 
part 6 are also adapted to function as a micro-vibrating-signal 
supplying (generating) unit. That is, they can supply an 
out-of-recording micro-vibrating signal or a pre-recording 
2 0 micro-vibrating signal from the micro-vibrating-signal 
generating part 12 to the recording head 8 (piezoelectric 
vibrating members 35). Alternatively, they can generate a 
mid-recording micro-vibrating signal from a jetting operating 
signal, and output (supply) the signal to the recording head 8. 
25 Then, a controlling operation for jetting ink is explained. 

At first, the operating pulse is supplied to the piezoelectric 
vibrating members 35 as follows. Herein, each of printing data 
forming the dot-pattem-data corresponds to one dot and consists 
of a plurality of bits. 

30 in the case, the controlling part 6 transfers in a serial 

manner and sets in turn data of respective uppermost bits of the 
units of the printing data (SI) from the outputting buffer 4C 
to the shift register devices 55A to 55N respectively, 
synchronously with the clock signal (CK) from the oscillating 
35 circuit 7. When the uppermost data of all the units for all the 
nozzles 51 are set in the shift register devices 55A to 55N, the 
controlling part 6 outputs latch signals (LM?) to the latch 
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circuit 56 i.e. the latch devices 56A to 56N at a suitable timing. 
Owing to the latch signals, the latch devices 56A to 56N latch 
the data set in the shift register devices 55A to 55N respectively. 
The latched data are supplied to the level shifter 57 i.e. the 
5 level shifter devices 57A to 57N respectively. The level shifter 
57 is adapted to function as a voltage an^lifier. 

For example, when the set datum is 1, each of the level 
shifter devices 57A to 57N boosts the datum to a voltage of several 
decade volt that can drive the switching unit 58. The boosted 
10 (raised) datum is applied to the switching unit 58 i.e. each of 
the switching devices 58A to 58N. Each of the switching devices 
58A to 58N is closed (connected) by the boosted datum. On the 
other hand, when the set datum is 0, each of the level shifter 
devices 57A to 57N does not boost the datum. ' 

15 A jetting operating signal (COM) from the xoain-signal 

generating part 11 is applied to each of the switching devices 
58A to 58N . When each of the switching devices 58A to 58N is closed, 
the jetting operating signal is supplied to each of the 
piezoelectric vibrating members 35A to 35N that are connected 
20 to the switching devices 58A to 58N. 

After the jetting operating signal has been supplied to 
the piezoelectric vibrating members based on the uppermost bits, 
the controlling part 6 transfers in a serial manner and sets data 
of respective secondly uppermost bits of the units of the printing 
25 data (SI) to the shift register devices 55Ato 55N respectively. 
When the second data are set in the shift register devices 55A 
to 55N, the controlling part 6 outputs latch signals (LAT) to 
the latch circuit 56 to latch the set data, and the jetting 
operating signal is supplied to each of the piezoelectric 
30 vibrating meanbers 35A to 35N respectively. Thereafter, the 
similar operations are repeated for from the thirdly uppermost 
bits to the lowermost bits in the order. 

As described above, the printer can control whether to 
supply the jetting operating signal to the piezoelectric 
vibrating members 35 base on the printing data. That is, if the 
printing datum is set to be "1", the jetting operating signal 
may be supplied to the corresponding piezoelectric vibratijng 
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member 35. if the printing datum is set to be "0", the jetting 
operating signal may not be supplied to the corresponding 
piezoelectric vibrating member 35. Herein , if a printing datum 
is *0"/ the piezoelectric vibrating member 35 holds previous 
5 electric charges i.e. a previous voltage. 

Thus / a plurality of operating pulses and a mid-recording 
micro- vibrating signal can be made selectively from one jetting 
operating signal, when the jetting operating signal is divided 
into some sections with respect to time and each of the bits of 
10 the units of the printing data is set correspondingly to each 
of the sections of the jetting operating signal. The generated 
operating pulse or mid-recording micro-vibrating signal may be 
supplied to each of the piezoelectric vibrating members 35. Thus , 
a meniscus 52 of ink in a nozzle not in a recording operation 
15 can be minutely vibrated while another nozzle is in the recording 
operation. In addition, the plurality of operating pulses 
corresponding to a plurality of volumes of ink (dot diameters) 
can be supplied to each of the piezoelectric vibrating members 
35 of the recording head 8. 

20 For example, as shown in Pig. 5, the jetting operating 

signal is divided into a first pulse section 61, a second pulse 
section 62 and a third pulse section 63. A small-dot operating 
pulse is generated by the first pulse section 61 and the second 
pulse section 62. A medium— dot operating pulse is generated by 
25 the second pulse section 62 solo. “A large-dot operating pulse 
is generated by the second pulse section 62 and the third pulse 
section 63 . A mid-printing micro-vibrating signal is generated 
by the first pulse section 61 solo. 

The small-dot operating pulse is an operating pulse that 
30 can cause a small-sized Inkdrop forming a small-sized dot to be 
jetted. The medium-dot operating pulse is an operating pulse 
that can cause a medium-sized inkdrop forming a medium-sized dot 
to be jetted . The large-dot operating pulse is an operating pulse 
that can cause a Icurge-slzed inkdrop forming a large-sized dot 
to be jetted. The mid-recording micro- vibrating pulse (signal) 
is an operating pulse that can cause the meniscus 52 of the ink 
in the nozzle 51 not in the recording operation to minutely 
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vibrate. ■ 

When the mid-recording micro-vibrating signal is supplied 
to the piezoelectric vibrating members 35, as shown in Fig.3B, 
the meniscus 52 can be minutely vibrated between a position of 
5 a jetting side and a position of a contracting side nearer to 
the pressure chamber 36. in Pig.SB, the position of the jetting 
side is designated by the broken line, and the position of the 
contracting side is designated by the real line. Owing to the 
vibration of the meniscus 52, the ink at the opening of the nozzle 
10 can be stirred. 

In the embodiment, the printing data consist of data of 
three bits Dl, D2 and D3. When Dl=l, D2=l and D3-0 are set, the 
small-dot operating pulse is adapted to be generated . When D1=0 , 
D2=l and D3=0 are set, the medium-dot operating pulse is adapted 
15 to be generated. When D1=0, D2=l and D3=l are set, the large-dot 
operating pulse is adapted to be generated. When Dl=l, D2=0 and 
D3=0 are set, the mid-recording micro-vibrating pulse is adapted 
to be generated. 

On the other hand, a stirring operation for causing the 
20 meniscus 52 to m i n utely vibrate with the out— of— recording 
micro— vibrating signal or the pre— recording micro— vibrating 
signal from the micro— vibrating— signal generating part 12 in 
order to stir the ink is explained . During the stirring operation, 
the printing datum is set to be "i" for all the nozzles 51 . Thus, 
25 a series of the micro— vibrating signals generated by the 
micro-vibrating-signal generating part 12 is supplied to the 
piezoelectric vibrating members 35 as it is. Thus, the 
piezoelectric vibrating members 35 are deformed, so that the 
menisci 52 are minutely vibrated. 

30 The out-of-recording micro-vibrating signal and the 

pre— recording micro— vibrating signal are usually the same signal. 
For exan^le, as shown in Fig. 6, the same micro-vibrating signal 
is formed by a periodical signal serially including a trapezoidal 
pulse switched between a lowermost potential and a middle 
35 potential, when the micro-vibrating signal is supplied to the 
piezoelectric vibrating man bers 35, the pressure chambers 36 
repeat to minutely expand and contract. Thus, similarly to the 
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OLid-recording micro-vibrating operation explained with 
reference to Fig.3B, the meniscus 52 can be minutely v.ibrated 
between a position of a jetting side and a position of a 
contracting side nearer to the pressure chamber 36. 

5 in order to supply the micro-vibrating signal to the 

piezoelectric vibrating members 35, printing datum DV for a 
micro-vibrating operation, which is "1" for all the nozzles 51, 
is set to the shift register 55 . Then , the latch signal is applied , 
so that the set printing datum DV is latched to close (connect) 
10 the switching unit 58. in order to stop supplying the micro- 
vibrating signal to the piezoelectric vibrating members 35, 
printing datum DV' for a micro-vibrating-stopping operation, 
\diich is *0" for all the nozzles 51, is set to the shift register 
55. Then, the set printing datum DV' is latched to open the 
15 switching unit 58. 

Then, a scanning operation including a recording operation 
of the printer described above is explained in more detail. In 
the printer, the menisci 52 can minutely vibrate to prevent the 
viscosity of ink from increasing in cooperation with a maiTi 
2 0 scanning of the recording head 8 , i . e . , in cooperation with the 
scanning operation for a line. In more detail, the menisci 52 
can minutely vibrate: before the recording head 8 (carriage 21) 
is accelerated, while the recording head 8 is being accelerated, 
just before the recording operation is performed, while the 
25 recording operation is performed, while the recording head 8 is 
being decelerated, and after the recording head 8 has been 
decelerated. 

AS shown in Fig. 7, in the case, an image 18X is recorded 
in an area on a side of the home position HP in the recording 
30 paper 18, that Is, in the former half of a line. 

Pig. 7 is a timing chart for explaining the scanning 
operation Including the recording operation for the line. In 
Fig. 7, there are also shown the recording paper 18, and a 
relationship between a recording area by the recording head 8 
and time. Fig. 8 is a flowchart for explaining a dot-pattern 
developing operation. Fig.9A is a flowchart for explaining a 
dot-pattern recording operation. Fig.9B is a flowchart for 
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explaining a position- Information taking operation that may be 
carried out interrupting the dot-pattern recording operation* 
The recording operation is mainly divided into the 
dot-pattern developing operation for generating dot-pattem- 
5 data for the line from the middle— code-data, and the dot-pattern 
recording operation for recording ( jetting ink) on the recording 
paper 18 based on the developed dot-pattem-data* 

Each of the dot-pattern developing operation and the 
dot-pattern recording operation is explained as below. 

10 In the dot-pattern developing operation shown in Fig. 8, 

the controlling part 6 functions as a dot-pattem-data generating 
unit to generate the dot-pattem-data for the line* That is, the 
controlling part 6 reads out middle-code-data stored in the middle 
buffer 4B (Si) , develops the middle-code-data into a part of the 
15 dot-pattem-data based on the font data and the graphic functions 
or the like stored in the ROM 5 (S2), and causes the outputting 
buffer 4C to store the paxrt of the developed dot-pattem-data 
(S3) . Then, the developing operation is repeated until all the 
parts of the dot-pattem-data for the line are stored in the 
20 outputting buffer 4C (S4). 

When the dot-pattem-data corresponding to the line are 
stored in the outputting buffer 4C, the controlling part 6 
functions as a recording-starting-position- information setting 
unit to set recording-starting-position information that 
25 represents a position where a nozzle should start to record •in 
•the line, that is, where a first ink drop should be jet-ted from 
the nozzle during the main scanning (55), In Pig. 7, the 
recording-s-tarting-position is designated by a reference sign 
PI. 

30 In the enbodiment, the recording-starting-position 

information is set correspondingly to the counting value about 
the slits 28 of the linear encoder 27 , that is , the counting value 
of pulses PS outputted from the slit detector 29 . 

Then, the con-trolling part 6 functions as a pre- 
recording-micro-vibrating-starting-position-information 
setting unit to set pre-recording-micro-vibrating-starting- 
position information -that represents a position where the 
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micro-vibrating unit should start to cause the ink to minutely 
vibrate, for exaji 5 >le just before starting the recording operation 
(S6). For e xamp le, the pre-recording-micro-vibrating- 
starting-position is set at a position P2 back to the home position 
5 HP from the recording-starting-position Pi by a distance Ll that 
is necessary for the menisci to keep minutely vibrating and to 
settle down thereafter. That is, the setting of the pre- 
recording-micro-vibrating-starting-position P2 is carried out 
based on the recording-starting-position information that has 
10 been set previously. Then, a counting value obtained by 
subtracting a counting value corresponding to the distance Ll 
from a counting value corresponding to the recording- 
starting-position Pi is set as a counting value corresponding 
to the micro-vibrating-starting-position P2. 

15 When the pr e-recording-micro- vibrating-starting- 

position information is set, the controlling part 6 transfers 
the developed dot-pattem-data to the recording head 8 (S7) . On 
transferring the developed dot-pattern-data, a scanning 
operation starts for the line, that is , the recording head 8 starts 
20 scanning in the main scanning direction. in addition, a 
micro-vibrating controlling operation that cause the menisci 52 
to minutely vjLbrate to stir the ink in the nozzles 51 is carried 
out in cooperation with the main scanning of the recording head 
8. During the micro-vibrating controlling operation, the 
25 controlling part 6 functions as a micro-vibrating controlling 
unit. 

After transferring the dot-pattem-data, the controlling 
part 6 carries out the dot-pattern recording operation. In the 
dot-pattern recording operation, the controlling part 6 
30 functions as an out-of-recording micro-vibrating controlling 
unit (one kind of the micro-vibrating controlling unit) to stir 
the ink. That is, on transferring the dot-pattern-data, the 
controlling part 6 supplies an out-of-recording micro-vibrating 
signal from the micro-vibrating-signal generating part 12 to the 
piezoelectric vdLbrating members 35 of the recording head 8. 

Herein, the out-of-recording micro-vibrating operation is 
performed based on a predetermined out-of-recording micro- 
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Vibrating' area* In this embodiment, the out-of-recording 
micro-vibrating area is set based on a recordable area with 
respect to the recording paper 18 . In detail , the recordable area 
for the recording paper 18 is stored in a storing unit 100m (see 
5 Fig.l) in' the printer controller 1, and an out-of -recording 
micro-vibrating-area setting unit 100 (see Fig.i) is adapted to 
set the out-of-recording micro-vibrating areas both before and 
after the recordable area stored in the storing unit 100m, 

As shown in Fig. 7, the out— of— recording micro— vibrating 
10 areas of this «nbodiment are an area to a timing t2 just before 
the recording head 8 is switched from an accelerated state to 
a constant-speed state (that is equal to an area to a position 
before a start end of the recordable area by a predetermined 
distance LI) and an area after a terminal end (timing t6) of the 
15 recordable area. 

After transferring the dot-pattem-data, as shown in Figs. 
7 and 9A, the controlling part 6 starts to supply the out- 
of-recording micro-vibrating signal (Sll, tO), and then starts 
the scanning of the recording head 8(S12, tl). in addition, as 
2 0 described below, if the main scanning is repeated successively, 
the out-of-recording micro-vibrating operation is continued in 
advance during transferring the dot-pattem-data. After that, 
the controlling part 6 ceases to supply the out— of— recording 
micro-vibrating signal at the timing t2 just before a speed of 
25 the recording head 8 ceases to increase but becomes constant 
(S13). 

During the series of steps , the controlling part 6 outputs 
such a controlling signal to the choosing part 13 that the 
out-of-recording micro-vibrating signal from the micro- 
30 vibrating-signal generating part 12 is allowed to be supplied 
to the piezoelectric vibrating members 35 * Then, the controlling 
part 6 sets the printing data DV for a micro-vibrating operation 
into the shift register 55 , and outputs the latch signals to the 
latch circuit 56 to start supplying the out-of-recording 
35 micro- vibrating signal to the piezoelectric vibrating members 
35 (see Fig-6). Then, the controlling part 6 supplies an 
operating pulse to the pulse motor 25 to move the carriage 21 
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in the main scanning direction. Thus, the recording head 8 starts 
scanning. At the same time, the printing data DV' for a 
micro-vibrating-stopping operation is set into the shift 
register 55. After that, if the supply-stopping timing t2 of the 
5 out-of-recording micro-vibrating signal is judged, the latch 
signals are outputted. 

During the scanning of the recording head 8, the slit 
detector 29 mounted on the carriage 21 detects the slits 28 of 
the linear encoder 27 , and outputs pulse-like detecting signals 
10 that are shovm with reference sign PS in Pig. 7. The controlling 
part 6 watches the detecting signals and carries out the 
P«5®ition- information taking operation whenever each of the 
detecting signals is received. The position-information taking 
operation is carried out interrupting the dot-pattern recording 
IS operation. In the posit ion- information operation, the position 
counter is updated (S31) . in more detail, the counting value of 
the position counter that represents head-position information 
increases by one based on each of the detecting signals from the 
slit detector 29. After the counting value has increased by one, 
20 the dot-pattern recording operation is resumed. Herein, the 
counting value of the position counter may be reset when the 
scanning of the recording head 8 for the line is coii^leted or 
when the recording head 8 is returned at the standard position. 

During the scanning of the recording head 8, the 
25 controlling part 6 also functions as a pre-recording mioro- 
vibrating-starting-tlming judging unit, that is, judges a 
micro-vibrating-starting timing just before the recording 
operation (S14) , In the embodiment, the controlling part 6 can 
judge the pre-recording micro-vibrating-starting timing by 
30 comparing the counting value of the position counter with the 
counting value corresponding to the pre-recording micro- 
vibrating-starting-position P2 (micro-vibrating-starting- 
position information) because the controlling part 6 watches the 
counting value of the position counter (t3). 

When the controlling part 6 judges that it is the pre- 
recording i^cro-vibrating-starting timing, the controlling part 
6 functions as a pre-recording micro-vibrating controlling unit 
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(one kind' of the micro-viJbrating controlling unit) to supply a 
micro-vibrating signal to the piezoelectric 
vibrating members 35 (S15). That is, in the process, after the 
controlling part 6 sets the printing data DV for a micro-vibrating 
5 operation into the shift register 55, the controlling part 6 
outputs the latch signals to the latch circuit 56 to start 
supplying the pre-recording micro-vibrating signal from the 
®id’0”Vibrating— signal generating part 12 to the piezoelectric 
vibrating members 35. While the pre- recording micro— vibrating 
10 signal is supplied, the controlling part 6 sets the printing data 
DV' for a micro-vibrating-stopping operation into the shift 
register 55. After that, if a predetermined supply-stopping 
timing (t3 ' ) , which is described below, is judged, the controlling 
6 Outputs the latch signals to stop supplying the pre— 
15 recording micro-vibrating signal (see Fig.6). 

The predetermined stopping timing (t3') can be judged by 
using a timer for measuring a time (t3' - t3) for which the 
pte-recording micro-vibrating signal is being supplied. In the 
case, the predetermined stopping timing (t3* ) can be judged when 
20 the pre— recording micro— vibrating signal is supplied for the 
predetermined time ( t3 ' — t3 ) , that is , vdien the timer measures 
the predetermined time (t3' — t3). Alternatively, the 

pr®determined stopping timing (t3') can be judged by comparing 
the counting value of the position counter with a predetermined 
25 counting value P3. 

Then, after ceasing to supply the pre-recording micro- 
vibrating signal, the controlling part 6 outputs such a 
controlling signal to the choosing part 13 of the operating- 
signal generating part 3 that the jetting operating signal from 
30 the main signal generating part 11 is allowed to be supplied to 
the piezoelectric vibrating members 35 (S16). 

After outputting the controlling signal, the controlling 
part 6 also functions as a recording-starting-timing judging unit 
(means), that is, judges a recording-starting timing (S17). In 
the embodiment, the controlling part 6 can judge the 
recording— stairting tuning by comparing the counting value of the 
position counter with the counting value corresponding to the 
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recording*-starting-posit;ion Pi because the controlling part 6 
watches the counting value of the position counter (t4). 

When the controlling part 6 judges that it is the 
recording-starting timing, the controlling part 6 supplies the 
5 jetting operating signal to the piezoelectric vibrating members 
35 to record (jet the ink) on the recording paper 18 (S18). in 
the case, as shovm in Pig. 5, one of the small-dot operating pulse, 
the medium-dot operating pulse, the large-dot operating pulse 
and the mid-recording micro-vibrating signal is supplied to each 
10 of the piezoelectric vibrating members 35A to 35N, based on the 
dot-pattem-data. Then, the ink drop jetted from the nozzle 
forms a small dot, a medium dot or a large dot correspondingly 
to the supplied operating pulse. 

In addition, the mid-recording micro-vibrating signal is 
15 supplied for a nozzle or nozzles 51 which do not jet ink, so that 
a meniscus or menisci of the ink in the nozzle or the nozzles 
51 can minutely vibrate to stir the ink. 

According to the above control, the ink drop can be jetted 
in a state wherein the viscosity of the ink is returned at a nnTniai 
20 level by the micro-vibrating of the meniscus 52 just before the 
jetting . Thus, a first ink drop of a line can be jetted accurately 
in a predetermined direction. Therefore, the deterioration of 
the quality of the recorded (printed) image is effectively 
prevented especially at the position where the printing operation 
25 starts even vrtien the volume of the jetted ink is so small that 
the viscosity of the ink is liable to increase. 

In addition, when the recording paper is large-sized, the 
ink drop may not be jetted for such a longer time that the viscosity 
of the ink is liable to increase. However, even in the case, the 
30 above control can certainly prevent the deterioration of the 
* 3 '^®liby of. the printed image at the position where the printing 
operation starts* 

When the scanning operation for the line is completed 
(timing t5 of Fig.7) , the supply of the operating pulses is also 
35 stopped (&19)» Then, if the recording head 8 enters again the 
out-of-recording micro-vibrating area (timing t6), the 
controlling part 6 starts again to supply the out-of -recording 
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micro- vibrating signal (S20), That is, the controlling part 6 
outputs such a controlling signal to the choosing part 13 that 
the out-of-recoirding micro-vibrating signal from the micro- 
vibrating-signal generating part 12 is allowed to be supplied 
5 to the piezoelectric vibrating manbers 35 . Then, the controlling 

part 6 sets the printing data DV for a micro-vibrating operation 
into the shift register 55, and outputs the latch signals to the 
latch circuit 56 to start supplying the out-of -recording 
micro- vibrating signal to the piezoelectric vibrating members 
10 35 (see Fig. 6). 

After that, the pulse motor 25 is decelerated, and then 
the recording head 8 is stopped (S21) . Then, the recording head 
8 is moved toward the home position HP, and is positioned at the 
standard position. Then, the similar scanning operation 
15 including the recording operation is repeated for the next line. 

According to the above control, even after the ink drop 
or drops are jetted, the meniscus or menisci 52 can minutely 
vibrate toprevent the viscosity of the ink from increasing. Thus , 
even if a or more ink drops are jetted only in a former part of 
20 a line, it can be prevented that the viscosity of the ink increases . 
Thus, it can be prevented that the recording operation for the 
next line, is badly influenced thereby. This effect may be 
remarkable when a large-sized recording paper is used. 

In addition, if the recording operations (main scanning 
25 operations) are successively performed, it is preferable that 
the out-of -recording micro-vibrating operation is continuously 
performed. That is, it is preferable that the out-of-recording 
micro-vibrating operation is continuously performed from the 
timing t6 ,of a recording operation until the timing t2 of the 
30 next recording operation. Fig. 10 shows such an example- 

Furthermore, if the apparatus can achieve two-way 
recording (BI-D type) , the operating signal used during a forward 
scanning and the operating signal used during a backward scanning 
may be different. Thus, preferably, a signal-switching 
35 operation is conducted when the scanning direction of the 
recording head 8 is switched. During the signal-switching 
operation, the out-of -recording micro-vibrating operation is 
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suspended for a time necesBary to transfer waveforms* Fig. 11 
shows such an exan^le. 

In the above embodiment, the menisci 52 can minutely 
vibrate to stir the ink before the carriage 21 is accelerated 
5 and while the carriage 21 is being accelerated (out-o£-recording> 
and for a predetermined time just before the recording operation 
(pte-recording) . However, the pre-recording micro-vibrating 
just before the recording operation may be carried out only when 
the recording operation starts at a position in a predetermined 
10 area, for' exan^xle in the latter half of a line. That is, the 
controlling part 6 (micro-vibrating controlling unit) may carry 
out the pre-recording micro-vibrating operation only when a 
recording-starting position represented by the recording- 
starting-position information is in the right (latter) area with 
IS respect to a predetermined position. In the case as well, the 
viscosity of the ink is sufficiently prevented from increasing, 
because the ink may be sufficiently stirred by only the out- 
of-recording micro-vibrating operation (micro-vibrating 
operation during the accelerating tame) when the recording 
20 operation starts at a position in the left (former) area with 
respect to the predetermined position. 

in addition, as a variation of the above embodiment, the 
pi^e-J^ecording micro-vibrating operation just before the 
recording operation can be completely omitted. 

25 Herein, according to the above embodiment, compared with 

the conventional art, the out-of- recording (out-of- jetting) 
niicro-vibrating operation(s) is performed for a longer time. 
This may arise a problem of deterioration of the piezoelectric 
vibrating members 35 that are the micro-vibrating unit. 

Therefore, as shown in Fig.l, in the ink— jetting recording 
apparatus of the embodiment, a standard- time storing part 110 
that stores a predeteimined standard time and a micro-vibrating 
timer 111 that can measure a continuous operating time of the 
out-of-recording micro-vibrating operation are provided . if the 
continuous operating time becomes longer than the standard time, 
the controlling part 6 as a signal-generating controlling unit 
is adapted to cause the micro- vibrating-signal generating part 
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12 to change the out-of -recording micro-vibrating signal. 

In the case/ based on the continuous operating time of the 
out-of -recording micro-vibrating operation, for example, 
strength of the out-of-recording micro- vibrating operation can 
be controlled, in order to prevent the deterioration of the 
5 piezoelectric vibrating members 35. 

For example, the controlling part 6 as a signal-generating 
controlling unit is adapted to cause the micro-vibrating-signal 
generating part 12 to change the out-of-recording micro- 
vibrating signal in such a manner that a frequency of the 
10 out-of-recording micro-vibrating signal is lowered when the 
continuous operating time becomes longer than the standard time. 
For example, an original frequency of 10.8 kHz may be lowered 
to 2.7 kHz. Alternatively, the controlling part 6 is adapted to 
cause the micro-vibrating-signal generating part 12 to change 
15 the out-of -recording micro-vibrating signal in such a manner that 

an an^lltiide of the out-of-recording micro-vibrating signal is 
lowered when the continuous operating time becomes longer than 
the standard time. 

In addition, after the frequency of the out-of-recording 
20 micro-vibrating signal has been lowered by the micro- 
vibrating-signal generating part 12 , the controlling part 6 that 
serves as the signal-generating controlling unit is adapted to 
cause the micro-vibrating-signal generating part 12 to change 
again the out-of-record±ng micro-vibrating signal before a 
25 recording- (liquid- jetting) operation in such a manner that the 
frequency of the out-of-recording mijcro-vibrating signal is 
returned to an original frequency. In addition, after the 
frequency of the out-of-recording micro-vibrating signal has 
been returned to the original frequency, the micro- vibrating unit 
30 is caused to operate (the out— of— recording micro— vii>rating 
operation ‘ is performed ) based on the out— of —recording micro- 
vibrating signal for a predetermined time before the liquid- 
jetting operation (before starting the actual recording 
operation]. According to the above control, deterioration of 
35 quality of the recorded (printed) image is more surely prevented 
even at the position where the recording operation starts , while 
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deterioration of the piezoelectric vibrating members 35 is also 
prevented , 

Similarly, after the amplitude of the out-of -recording 
micro-vibrating signal has been lowered by the micro- 
5 vibrating-signal generating part 12 > the controlling part 6 that 
serves as the signal-generating controlling unit is adapted to 
cause the micro-vibra ting-signal generating part 12 to cheunge 
again the out-of -recording micro- vibrating signal before a 
recording (liquid- jetting) operation in such a manner that the 
10 amplitude of the out-of -recording micro-vibrating signal is 
returned to an original an^litude. In addition, after the 
amplitude ’ of the out-of -recording micro-vibrating signal has 
been returned to the original amplitude, the micro-vibrating unit 
is caused to operate (the out-of-recording micro-vibrating 
15 operation’ is performed) based on the out-of -recording micro- 
vibrating signal for a predetermined time before the liquid- 
jetting operation (before starting the actual recording 
operation). According to the above control, deterioration of 
guality of the recorded (printed) image is more surely prevented 
20 even at the position where the recording operation starts, while 
deterioration of the piezoelectric vibrating members 35 is also 
prevented. 

In addition, in the above embodiment, the controlling part 
6 that serves as an out-of- jetting micro-vibrating controlling 
unit is a<^pted to cause the micro-vibrating unit to _ operate, 
during at >least a part of time for which the capping mechanism 
30 seals the nozzles 51. 

In detail , while the capping mechanism 30 seals the nozzles 
51, an intermittent micro-vibrating controlling step of driving 
the piezoelectric vibrating members 35 for a first constant time 
( for example 4 or 5 minutes ) and of stopping driving the 
piezoelectric vibrating members 35 for a second constant time 
(for example 4 or 5 minutes) is repeated. 

In the case, a history recording unit 120 that records 
history information about ink- jetting operations is provided 
25 (see Fig.l). The controlling part 6 serves as a time-changing 
unit, that is, the controlling part 6 can change at least one 
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of the first constant time and the second constant timer based 
on the history information about ink- jetting operations recorded 
by the history recording unit 120. Preferably/ in advance/ a 
proper relationship between the history information about 
5 ink- jetting operations and the first constant time and the second 
constant time is obtained by various measurement e:^periments or 
the like, and is stored in the ram 4 or the like in a manner such 
as a correspondence table or a correspondence equation. 

Furthermore, in the case, an environmental— information 
10 obtaining . unit 130 that can obtain environmental information 
(ten^erature, humidity or the like) around the capping mechanism 
30 is provided (see Fig.l). The controlling part 6 that serves 
as a time-changing unit can also change at least one of the first 
constant time and the second constant time, based on the 
15 environmental information obtained by the environmental- 
information obtaining unit 130 as well. Preferably, in adveuice, 
a proper relationship between the environmental-information a nd 
the first constant time and the second constant time is obtained 
by various measurement experiments or the like, and is stored 
20 in the RAM 4 or the like in a manner such as a correspondence 
table or a correspondezice equation. 

In addition, while the capping mechanism 30 seals the 
nozzles 51, in order to prevent the deterioration of the 
piezoelectric vibrating members 35, the controlling part 6 as 
25 a- signal-generating controlling unit is' adapted to cause the 
micro-vibfating-signal generating part 12 to change the out- 
of-3^ecordlng micro-vibrating signal in such a manner that a 
frequency . of the out-of-recording micro-vibrating signal is 
lowered. For example, an original frequency of 10.8 kHz may be 
30 lowered to 2.7 kHz. Alternatively, the controlling part 6 is 
adapted to cause the micro-vibrating-signal generating part 12 
to change the out-of -recording micro-vibrating signal in such 
a manner that amplitude of the out-of -recording micro-vibrating 
signal is lowered. 

35 Furthermore, it may be preferable that the out-of- 

recording micro-vibrating operation is not performed (the 
out-of-recording micro-vibrating areas don't include) during a 
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capping step^ during a CL(cleaning)-seguence step, during an 
ink-cartridge replacing step, during a shifting step to each of 
said steps, during a flushing step or the like, dependently on 
use condition of the ink-jet recording apparatus or the like* 

5 In l^e ahove eanbodiment , the printer includes the recording 

head 8 having the bending-mode piezoelectric vibrating members 
35. However, the printer may include a recording head 70 having 
a longitudinal-xoode piezoelectric vibrating unit 73, instead of 
the recording head 8. 

10 AS shown in Fig. 12, the recording head 70 has a plastic 

box-like case 71 defining a housing room 72. The 
longitudinal -mode piezoelectric vibrating unit 73 has a shape 
of teeth of a comb, and is inserted in the housing room 72 in 
such a manner that points of teeth-like portions 73a of the 
15 piezoelectric vibrating unit 73 are aligned at an opening of the 
housing room 72 . A ink-way unit 74 is bonded on a surface of the 
case 71 on the side of the opening of the housing room 72. The 
points of the teeth-like portions 73a are fixed at predetermined 
positions 'Of the ink-way unit 74 to function as piezoelectric 
20 vibrating members respectively. 

The piezoelectric vibrating unit 73 comprises a plurality 
of piezoelectric layers 73b. As shown in Pig. 10, common Inside 
electrodes 73c and individual inside electrodes 73d are inserted 
alteiniately between each adjacent two of the piezoelectric layers 
25 73b. The piezoelectric layers 73b, the common inside electrodes 

73c and thfe individual inside electrodes 73d are integrated and 
cut into the shape of the teeth of the comb. Thus, when a voltage 
is provided between the common inside electrodes 73c and an 
individual inside electrode 73d, a piezoelectric vibrating 
30 member contracts in a longitudinal direction of each of the 
piezoelectric layers 73b. 

The! ink-way unit 74 consists of a nozzle plate 76, an 
elastic plate 77 and an ink-way forming plate 75 sandwiched 
between the nozzle plate 76 and the elastic plate 77 . The nozzle 
35 plate 76, Jthe ink-way forming plate 75 and ti\& elastic plate 77 
are integrated as shown in Fig. 10. 

A plurality of nozzles 80 is formed in the nozzle plate 
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76. A plurality of pressure generating chambers 81, a plurality 
of ink-supplying ways 82 and a common ink-chamber 83 are formed 
in the ink— way forming plate 75. Each of the pressure chambers 

81 is defined by partition walls, and is communicated with a 
5 corresponding nozzle 80 at an end portion thereof and with a 

corresponding ink-supplying way 82 at the other end portion 
thereof. The common ink-chamber 83 is communicated with all the 
ink-supplying ways 8 2 , and has a longitudinal shape . For ex an«>le , 
the longitudinal common ink— chamber 83 may be formed by an etching 
10 process when the ink-way forming plate 75 is a silicon wafer. 
Then, the. pressure chambers 81 are formed in the longitudinal 
direction of the common ink— cha m ber 83 at the same intervals 
(pitches) as nozzles 80. Then, a groove as a ink-supplying way 

82 is formed between each of the pressure chambers 8i and the 
15 common ink— chamber 83. in the case, the ink— supplying way 82 is 

connected to an end of the pressure chamber 81, while the nozzle 
80 is located near the other end of the pressure chamber 81. The 
coinmon ink -chamber 83 is adapted to supply ink saved in an ink 
cartridge to the pressure chambers 81 . An ink-supplying tube 84 
20 from the ink cartridge is communicated with a middle portion of 
the common ink-chait±>er 83. 

The elastic plate 77 is layered on a surface of the ink-way 
forming plate 75 opposed to the nozzle plate 76. In the case, 
the elastic plate 77 consists of two laminated layers that are 
25 a stainless plate 67 and an elastic- high— polymer film 88 such~ ~ 
as a PPS fjilm. The stainless plate 77 is provided with Island 
portions 89 for fixing the teeth-like portions 73a as the 
piezoelect^ric vibrating members 73 in respective portions 
corresponding to the pressure chambers 81, by an etching process . 

30 In the above recording head 70, a teeth-like portion 73a 

as a piezoelectric vibrating member can expand in the longitudinal 
direction. Then, an island portion 89 is pressed toward the 
nozzle plate 76, the elastic film 88 is deformed. Thus, a 
corresponding pressure chamber 81 contracts. On the other hand, 

35 the teeth— like portion 73a as the piezoelectric vibrating member 
can contract from the expanding state in the longitudinal 
direction. Then, the elastic film 88 is retximed to the original 
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state owing to elasticity thereof. Thus, the corresponding 
pressure chamber 81 expands. By causing the pressure chamber 81 
to expand and then causing the pressure chamber 81 to contract, 
a pressure of the ink in the pressure chamber 81 increases so 
5 that the ink drop is jett^ from a nozzle 80. 

In the recording head 70 as well, the menisci can minutely 
vibrate in such a manner that the ink drop may not be jetted, 
in order to stir the ink in the nozzles, by expanding and 
contracting of the piezoelectric vibrating members. 

10 By the way, in the embodiment, the scanning-position- 

inf ormation outputting- information unit consists of the linear 
encoder 27 and the slit detector 29. In addition, the 
recording-starting-position-information setting unit, the 
micro-vibrating-starting-position-information setting unit and 
15 the micro-vibrating-starting-timing judging unit are adapted to 
set or judge the recording-starting-position information, the 
micro-vibrating-starting-position infonnation and the micro- 
vibrating-starting-timing by means of the counting value 
corresponding to the detecting signals outputted from the slit 
20 detector 2.9 • in the case, the scanning position of the recording 
head 8 may be surely obtained. 

However, this invention can adopt another scanning- 
position- inf ormation outputting unit. For example, if a pattern 
of the scanning speed of the recording head 8 is fixed regardless 
25 of the dot-pattern-data, that is, if the recording head 8 is moved 
by the same scanning speed pattern, the scanning position of the 
recording bead 8 can be obtained indirectly from a time passed 
from when the recording head has started scanning. 

in the case, the scanning-position-inf ormation outputting 
30 unit may. consist of a scanning-time timer 101 (first- 
scanning-time timer) for measuring a time passed from a 
scanning-starting timing (tl). The scanning position of the 
recording ■ head 8 can be obtained from a timer value of the 
scanning-time timer 101, because the timer value corresponds to 
35 the head-^sition infonnation. 

In the case, the recording-starting-position-information 
setting unit may set a timer value for the recording- 
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starting-position, that corresponds to the recording- 
starting-position information. Similarly, the micro- 
vibrating-starting-position- information setting unit may set a 
timer value for the micro-vibrating-starting-position, that 
5 corresponds to the micro-vibrating-starting-position 

information. 

The, micro-vlbrating-starting-timing judging unit judges 
the micro-vibrating-starting timing by comparing the timer value 
of the scanning- time timer 101 with the timer value for the 
10 micro-vibtating-starting-position. Similarly, the recording- 

starting-timing judging unit judges the record-starting timing 
by comparing the timer value of the scanning-time timer 101 with 
the timer .value for the recording-starting-position. 

As described above, when the scanning position of the 
15 recording ■ head 8 can be obtained from the timer value of the 
scanning-time timer lOi, it is not necessary to provide with the 
linear encoder 27 and. the slit detector 29. Thus, the apparatus 
may become simpler, in addition, the controlling part 6 does not 
have to watch the detecting signals from the slit detector 29. 
20 Thus, the I controlling manner may also become simpler, and the 
processing speed may become faster. 

The. scanning-time timer 101 is adapted to measure a time 
passed frpm when the recording head 8 has started scanning. 
However, another scanning-time timer 102 (a second-scanning- 
25 time timer.) can measure a time passed from when the scanning speed 

I 

of the recording head 8 has became constant. In the case, a 
standard-passing position is set at a position where the scanning 
speed of the recording head 8 should become constant, for example 
at an end position 18A (see Fig. 7) of the recording paper 18 on 
30 the side of the home position HP in the width direction. In 
addition, there is provided a passing sensor that can detect a 
passing of the recording head 8 above the standard-passing 
position. • Then, the scanning- time timer 102 starts to measure 

I 

the time based on a detecting signal of the passing sensor, in 
35 the case, | since the scanning-time timer 102 starts to measure 
the time passed from when the scanning speed of the recording 
head 8 has become constant, the scanning position of the recording 
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bead 8 can be obtained more accurately. 

However f the scanning-position- information outputting 
unit is not limited to the combination of the linear encoder 27 
and the slit detector 29, the scanning-time timer 101, and the 
5 scanning-time timer 102. Any scanning-position-information 
outputting unit capable of outputting information that 
represents the scanning position of the recording head 8 may be 
adopted. 

For example, when the carriage 21 is reciprocated in the 
10 main scanning direction by a ball-spline mechanism, a rotary 
encoder may be attached to a rotating shaft of the ball-spline 
mechanism' in such a manner that the rotary encoder rotates 
together with the rotating shaft, and a slit detector may be 
provided for detecting slits of the ro'tary encoder. In the case, 
15 the recoirding-starting-position and the micro-vibrating- 
starting-position can be recognized from detecting signals from 
the slit detector. 

In fhe embodiment, the controlling part 6 functioning as 
a micro-vibrating controlling unit is adapted to supply ■the 
20 operating signal generated by the operating-signal generating 
part 9 (t|he main signal generating part 11 and the micro- 
vibrating-signal generating part 12) to the recording head 8. 
However, another micro-vibrating controlling unit can be 
adopted. 

25 Ih .the embodiment, the recordiiig-starting-position- 

information setting unit is adapted to set the recording- 
start ing-pos it ion of the recording head 8 based on the dot -pattern 
data* However, data for setting the recording-starting-position 
eire not limited to the dot-pattem-data. For example, the 
30 recording-starting-position may be set based on printing data 
(one kind of recording data) from the host computer, or based 
on intermediate data (one kind of recording data). 

in the embodiment, the printer includes the recording bead 
8 having the pressure chambers 36 that can expand and contract 
35 by means pf the piezoelectric vibrating members 35- However, 
this invention can also apply to a printer or a plotter including 
a bubble- jet recording head that can jet ink drop from a nozzle 
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by changing a size of air bubble generalied in a pressure chamber. 

Fig* 13 is another timing chart for explaining a scanning 
operation including a recording operation for a line, as shown 
in Fig . 13 > the controlling part 6 functions as a recording— 
5 starting-position-information setting unit to set recording- 
starting-position information that represents a position in a 
line where the recording operation is to be started and as a 
recording-ceasing-position- information setting unit to set 
recording-ceasing-position information that represents a 
1 0 position in the line where the recording operation is to be stopped 
i.e. where the last ink drop is jetted in the line in the main 
scanning direction. In the exan^le shown in Fig. 13, the 
recording-starting position is represented by a reference sign 
PI, and the recording-ceasing position is represented 1^ a 
15 reference .sign P5. 

Herein, similarly to the recording-starting-position 
information, the recording-ceasing-position information is also 
set correspondingly to the counting value about the slits 28 of 
the linear encoder 27, that is, the counting value of pulses PS 
20 outputted from the slit detector 29. 

Then, the out-of -recording micro-vibrating areas in 
Pig. 13 are set before and after each ink- jetting area for each 
scanning operation, based on not the recordable area of tho 
recording paper 18 but each recording data for each scanning 
25 operation. That is, the out-of-recording micro- vibrating areas 
in Fig. 13 are an area until the timing t3 at which the pre- 
recording micro-vibrating operation is to be started and an area 
after the recording-ceasing position (timing t5). 

Other features of the timing chart shown in Fig. 13 are 
30 substantially the same as the timing chart shown in Fig. 7. 

AS described above, according to the timing chart shown 
in Fig. 13, the menisci of the ink in the nozzles can be caused 
to minutely vibrate continuously until a suitable timing (t3') 
just before an ink drop is jetted from a nozzle. To cause the 
35 menisci to keep minutely vibrating until the suitable timing is 
very effective when the ink is a kind of pigment ink or a kind 
of high-d^nsity-dye ink whose viscosity is liable to increase. 
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In addition, according to the tiniing chart shown in Fig. 13, 
the menisci of the ink in the nozzles can be caused to minutely 
vibrate continuously from a timing (tS) just after the last ink 
drop has been jetted from a nozzle. To cause the menisci to keep 
5 minutely vibrating from the timing just after the completion of 
the recording operation is very effective when the ink is a kind 
of pigment ink or a kind of high-density-dye ink whose viscosity 
is liable to increase. 

Furthermore, the pre-recording micro-vibrating operation 
10 can be omitted in the timing chart shown in Fig. 13 as well. 
Alternatively, the out-of-recording micro-vibrating operation 
before the ink- jetting may be performed until the timing t3 ' or 
the timing t4. 

In the embodiment, the recording-starting-position of the 
15 recording head 8 means a position where one of the nozzles of 
the recording head 8 starts to record, i.e., jet the ink for a 
line. The recording-ceasing-position of the recording head 8 
means a position where all of the nozzles of the recording head 
8 complete recording for that line. However, in general, the 
20 nozzles start to record at different positions respectively, and 
con^lete recording at different positions respectively.' Thus, 
it is preferable to take into consideration respective 
recording-starting-positions and respective recording- 
ceasing-positions of the nozzles. 

25 That is, preferably, the nozzles are classified into at 

least two classes, the controlling part 6 functioning as a 
recording-starting-position setting unit and a recording- 
ceasing-position setting unit is adapted to set recording- 
starting-position information that represents positions Where 
30 a nozzle or nozzles of the respective classes should start to 
record and recording-ceasing-position information- that 

I 

represents positions where a nozzle or nozzles of the respective 
classes should con^lete recording. Then, the controlling part 
6 functioning as a micro-vibrating controlling unit may judge 
35 respective micro-vibrating-stairting timings set for the nozzle 
or the nozzles of the respective classes in order to cause the 
micro-vibrating unit to operate. The micro-vibrating unit may 
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cause Ink in t:he nozzle or nozzles of fhe respective claisses io 
mlnuiely vlbrat:e. 

In the case^ when the class may includes a plurality of 
nozzles , ink in the nozzles of the class has preferably a velocity 
5 of increasing viscosity. Alternatively, when the class may 
includes a plurality of nozzles, ink in the nozzles of the class 
has a color. Alternatively, when the class may includes a 
plurality of nozzles, the nozzles of the class are arranged in 
a row. Alternatively, the class includes only one nozzle. 

10 A program for materializing the above element or elements 

(unit or units) in the conputer system, and a storage unit 201 
storing the program and capable of being read by a computer, are 
intended to be protected by this application. When the above 
element or elements may be materialized in the computer , system 
15 by using a general program such as an OS, a program including 
a command or commands for controlling the general program, and 
a storage unit 202 s-toring the program and capable of being read 
by a con^uter, are also intended to be protected by this 
application. 

20 The above description is given for the ink- jetting printer 

1 as a liquid jetting apparatus of an embodiment according to 
the invention. However, this invention is int^ded to apply to 
general liquid jetting apparatuses widely. For exan^le, the 
liquid jetting apparatus may be a manufacturing unit fojr color 
25 filters of a display apparatus such as LCD. A liquid may be glue, 
nail polish, a bonding agent, a hardened coating liquid, an 
electric conductive liquid or the like, instead of the ink. 

AS described above, according to a feature of the invention, 
3 0 since the out-of- jetting micro-vibrating areas are set before 
and after the relative area (that may be common for lines) to 
which liquid can be jetted frcan the nozzle, it can be effectively 
prevented that a viscosity of the liquid increases between a 
completion of a scanning operation and a start of a next scanning 
35 operation. 

Alternatively, according to another feature of the 
invention, since the out-of- jetting micro-vibrating areas are 
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set before and after the liquid- jetting area (that inay be 
different for respective lines ) to wbi.eh liquid is to be. jetted 
from the nozzle vdiile the head member is caused to relatively 
move by the scanning mechanism based on jetting data, it can be 
5 effectively prevented that a viscosity of the liquid increases 
between a completion of a scanning operation and a start of a 
next scanning operation. 




